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itn spectrograph is a useful piece of equipment 

for Battelle's analytical chemists. Through its use, 
elements in the periodic table can be detected. When 
specimens are burned between electrodes, the 

excited atoms create a light pattern which is dispersed by a 
diffraction grating and photographed. From the recorded 


pattern, the various elements can be identified 


both qualitatively and quantitatively. 
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Research and Company Diversification 
An Editorial 


Operations Analyst 


Why Melt in A Vacuum? 


by Georce W. P. RENGsTORF! 


Vacuum melting has real value in preparing certain 
premium-quality and special-problem metals, but it is not 
cure-all for metals problems 


Science, Industry, and Education 


by Henry Le CHATELIER 


The French scientist’s views on the relationship of science 
industry, and education and on the value of applied 
research are as valuable now as when they were written 
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developments of interest to science and industry 
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Papers and articles prepared by members of the Battelle 
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Research and 
Com pany 
Diversification 


N A STUDY MADE BY THE Harvard Business Review, 43 reasons 
were found for the diversification and merger of American 
companies in recent years. Of these, 18, or 42 per cent, were 
directly related to research and technology. Some of the 18 
technology-induced reasons were defensive in nature, such as to 
offset vanishing markets and product obsolescence, but a majority of 
13 were aggressive and included such aims as to utilize waste 
products, to broaden the outlets for basic materials, and to meet 


the new needs of customers. 


Among the 25 reasons cited that were not related directly to 
technology, there was a broad scattering of economic situations that 
grew out of technological change. Thus, one company diversified to 
assure its source of material supply, which was diminishing because 
of technical developments in other fields. It would appear, then, 
from the Harvard Business Review study that research and 
technology are factors behind perhaps half of the current reasons 


for corporate diversification and mergers. 


This being the case, it is reasonable to expect that the resulting 
expanded and integrated enterprises will be motivated to greater 
research effort than were their parent organizations. Those that 
diversified for defensive purposes will need to emphasize research for 
survival. Those that diversified for aggressive reasons must carry on 
research with renewed vigor to assure the realization of 


their opportunities. 


With their broadened fields of interest, integrated and diversified 
companies have need for diversified research talents and facilities, 
and are finding contract research even more helpful to them than 
in the past. The large research institutes and foundations that cover 
most phases of industrial sciences are ready-made establishments 
for the new and varied interests of such companies. In many 
cases, these institutes and foundations can be helpful while new 
research units are being organized, or they can relieve the 
company of the necessity of any expansion and diversification 


of its own research staff. 


Thus, Battelle has been helping a number of companies with 
the research problems brought about by their diversification, and, 
in a few instances, has become a major source of research for such 
firms. This aid is proving to be a practical and expedient way to 
make the technological aims behind corporate diversification and 


mergers realizable. 


President and Director, 
Battelle Memorial Instituts 





VIGNETTE 


OPERATIONS ANALYST 


Davip E. Deseau 


= World War II, scientists found 


that the logic of mathematics and science 


could be used to unravel some of the 
many complex factors influencing the 
outcome of military operations. It is 
understandable, therefore, that business- 
men should expect that the same ap- 
proach might be effective in solving some 
of their complex operating problems. Ac- 
cording to Dr. David E. Debeau, re 
search with the logic of mathematics 
and science can help develop an under 
standing of the relationships among 
causes and operational results. Through 
such understanding, better business deci- 
sions can be made. 

Since joining Battelle in 1952, much of 
Dave's time has been spent on classified 
weapons systems analysis work. He has 


also participated in investigations of mer 
chandise-handling problems, studies of 
managerial problems relating to produc 
tion and sales, and studies of the man- 
agement of research and development. 

Dave points out that although opera 
tions research deals with problems unlike 
those ordinarily tackled by technologists, 
usual research methods can be applied. 
Since most operations analysts, like 
Dave, have been trained in scientific 
disciplines, the methods they use have 
been borrowed from mathematics, other 
sciences, and economics. 

He received a B.S. in chemistry from 
the University of California, an A.M. in 
chemistry from Harvard, and returned to 
U. C. for a Ph. D. in physics. After a 
short period in chemical research, he be- 
came associated with Air Force Opera 
tions Analysis, first in Washington and 
then with the Air Proving Ground Com- 
mand at Elgin Air Force Base. There he 
participated in weapons systems analysis 
and in the development of planning 
procedures. 

Dave's broad professional interests are 
reflected in his activities in professional 
societies. He is a member of the Amer 
ican Physical Society, the American 
Chemical Society, and the Institute of 
Management Sciences and a Fellow of 
the Operations Research Society of 
America. His publications are in the 
fields of physics, chemistry, and opera 
tions research. 

Because of his interest in his field 
Dave devotes some of his “leisure” to 
reading on economics and business ad 
ministration. But this takes second place 
to his family and joint activities with his 


four-year-old son. 















Metals in A 
Vacuum ? 


by Georce W. P. Rencsrorrt 


Vacuum melting has real value in preparing 






certain premium-quality and special-problem 
metals, but it is not a cure-all for metals problems. 






ECENT TECHNOLOGY DEVELOPMENTS have led to 


a demand for new properties in metals. Some of the 
special properties needed can be obtained only in new 
metals and alloys that were unknown commercially 
a few years ago. Many of these new metals and 
alloys must be melted under special conditions, often 
in a vacuum. 

The vacuum melting of metals is not a new develop- 
ment. The process has been used for research purposes 
for many years; it was tried on a commercial scale in 
Germany forty years ago, but the time for it was not 
ripe. Most of the current applications of the technique 
have been developed since World War II, especially 
in the last five years. 

Vacuum melting is nearly always used to combat the 
effect of gases in the metal. Undesirable gases may be 
present in the metal, or may be introduced by melting, 
for example, in the presence of air. Or, the gaseous 
atmosphere, or the slag, may react with elements of the 
alloy to produce undesirable properties. By melting in 
a vacuum it is often possible to improve the qualities 
of the metal or alloy or to make an alloy which could 


not be made in the presence of gas or slag. 


Why Melt 














7 


I rperinu ntal high cactuM a»rc-nie lting purnace which 
adaptable to problems requiring unusual conditions 












The preparation of jet-engine turbine-blade alloys 
is one of the major uses for vacuum melting at the 
present time. The alloys used in such blades must have 
high strength at elevated temperatures. One important 
alloying element which helps to give strength to high 
temperature alloys is titanium, usually in the range 


of 2 to 5 per cent. 


GAINS FROM VACUUM MELTING 


For a long time the amount of titanium that could 
be put into the alloy was very limited. When melted 
in air, the alloy would pick up nitrogen. The titan- 
ium would react with the nitrogen and with carbon 
in the alloy to form complex compounds called car- 
bonitrides. The higher the titanium content of the al- 
loy, the more carbonitrides would be formed. During 
fabrication, the titanium carbonitrides tended to form 
stringers which weakened the alloy considerably. By 
shifting to vacuum melting, the number of parts re- 
jected because of flaws caused by carbonitrides was 
greatly reduced. Moreover, the embrittlement of the 
alloy, sometimes caused by heat treatments, was vir- 
tually eliminated. 

The general improvement and better control of 






































alloy content in vacuum-melted alloys meant that the 
design strength could be increased 25 per cent, while 
at the same time, the mean life of the parts made 
from the alloy was generally increased. One report 
noted that parts which had lasted on the average 
of 75 hours when they were made from air-melted 
material lasted 260 hours when made from the early 
heats melted under vacuum. Better vacuum techniques 
gradually increased the mean life to 380 hours. 

It is interesting to note that protection from air was 
not the only result of vacuum melting in this case. 
The process also made it possible to remove impurities. 
Much of the melting stock now melted in vacuum is 
scrap from alloy previously melted in air. Vacuum 
melting also made it possible to develop new alloys 
with higher titanium content. 

Another important use for vacuum melting is in the 
production of titanium metal and its alloys. Since 
molten titanium is extremely reactive, a method for 
are melting it in a water-cooled copper crucible was 
developed some time ago. Until quite recently, most 
of the melting of titanium was done in an inert atmos- 
phere of argon or helium or mixtures of the two. A 
few years ago, it was determined that hydrogen in 
titanium is harmful to its physical properties. Shortly 
thereafter a number of parts made from titanium 
alloys cracked in service or while waiting on the shelf 
to be used. The delayed cracking was traced to 
hydrogen content of the metal. Since then a number 
of steps have been taken to keep the hydrogen content 
of titanium and its alloys as low as possible. One of 
the most important of these steps is the use of vacuum 
melting by nearly all ingot producers. Hydrogen is 
most quickly and easily removed during that step. 

An interesting gain from vacuum melting is found 
in the preparation of 52100 steel for ball bearings. 
In this case, the technique has not greatly improved 
the best properties of this steel, as it did in the case 
of jet-engine alloys, but rather the uniformity of 
properties. A study of bearings made from vacuum- 
melted alloy showed that very few failed until they 
had approached the maximum life of bearings made of 
steel melted in air. This type of improvement, where 
the average working-life expectancy of a product is 
upgraded by a comparatively small increase in the 
cost of the materials, offers one of the most significant 
opportunities in the use of vacuum melting. 

These examples are not, of course, the only places 
where vacuum melting is used. The preparation of 
zirconium and a number of other special metals by 
melting under vacuum is important in atomic energy 
programs. Also, continuous efforts are being made to 
determine if alloys now made by melting in air can 
be improved enough to warrant the cost of melting in 








a vacuum, and if alloys which cannot be produced by 
melting in air can be prepared in a vacuum. 


MECHANISMS OF Gas REMOVAL AND CONTROL 





As stated earlier, vacuum melting is designed Dri- 
marily either to remove gases dissolved in the metal 
or to prevent contamination by contact with oxygen 
or nitrogen in the air. Hydrogen which is removed | 
during vacuum melting is a gas harmful to many! 
metals. In this case, lowering the pressure above the | 
metal simply allows dissolved hydrogen to escape, | 
The lower the pressure, the less hydrogen remains ig | 
the metal in equilibrium with the external atmosphere, 

Nitrogen can be removed from some molten metals 
by the same principle. Oxygen, however, requires q 
reaction in a molten metal to form a gas before the 
vacuum melting is of any benefit. In this case, carbon 
in the metal reacts with the oxygen to form carbop 
monoxide. The function of the vacuum is to remove 
the product of reaction, carbon monoxide, at such 4 


rate that the reaction can proceed rapidly. ’ 
Under some conditions it is desirable to remove 


the oxygen by means of hydrogen rather than carbon, 
In these cases, the metal is melted under a hydrogen 
atmosphere in a vacuum furnace. It is then necessary 


to evacuate the system to remove the hydrogen from 


a 


the metal and to help remove the water vapor which 
has formed. This method of removing oxygen is seldom 
used, however, because it is slower and more ev 
pensive than the carbon-oxygen reaction. 

In a few cases, the undesirable impurity removed 


by vacuum melting is a volatile metal or salt. For 





The study of high-purity metals has 
been one of Dr. George Rengstorft’s 
major interests. He has investigated 
methods for preparing such metals, 
studied their properties, and experi 
mented to learn the effects of im- 
purities upon their properties. Since 
joining Battelle, his research responsi- 
bilities have also included melting 
problems associated with such spe 
cial metals as uranium, titanium, zirconium, and 
molybdenum and studies of low-melting temper! 
ature metals. Recipient of an Sc.D. degre 
from the Massachusetts Institute of Technology, 
Rengstorff is author of a number of articles on the 
subject of case hardening. He is an active member 
of the American Society for Metals, the American 
Institute of Mining and Metallurgical Engineers 
and the British Iron and Steel Institute. 
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in induction-heated furnace used for experimental vacuum melting at Battelle 
>] 
vacuum melting chamber; (2 


diagrammed in the insert include: (1 
5) two oil diffusion pumps in parallel; 
8) mechanical pump 


6) oil injection pumps; 


example, zinc, calcium, magnesium, or chlorides can 
be removed trom any metals by treatment under a 


vacuum. 


INDUCTION vs. ARC MELTING 

Metal may be melted under vacuum by induction 
or by arc-heating methods. The induction-melting 
process is used essentially unchanged when it is done 
ina vacuum. However, a number of important modi 
fications are necessary in order to adapt arc melting 
to vacuum techniques. 

Arc melting metals in air is done with inert elec- 
trodes, i.e., the electrode is not intentionally melted 
into the molten bath. This procedure is not satisfactory 
ina vacuum. It is much better to melt the electrode 
into the bath, a process known as consumable-electrode 
melting. In most consumable-electrode vacuum-melt- 
ing processes, the electrode is the entire charge. 
that 


cooled copper in vacuum arc melting. There is thus no 


Another difference is the crucible is water- 


main pumping line; (3 
line to mechanical pump 





é le ments ot the 
valve: } 
not visible in photo); 


The 


pumping system 
manifold; 
and 


crucible as there is with arc 
It is for this 


reaction with a ceramic 


melting in air or with induction melting 


reason that titanium, zirconium, and molybdenum 
metals, which react rapidly with ceramics, are arc 
melted With many other metals, either melting 


method can be used. 
Induction melting has several advantages, including 
the ability to: (1) hold the the 


desired reaction is completed or the desired pressure 


molten metal until 


is achieved: (2) 


use miscellaneous sizes of charge: 

3) pour several ingots of various sizes and shapes 
from a single heat; and (4) schedule reactions during 
melting. For example, it is possible to degas a heat 
before adding some of the alloying elements 

Arc melting is faster, and, as discussed above, pre- 
vents undesirable reactions with ceramic crucibles 
On the other hand, the need to have the feed in the 
form of a consumable electrode is often a severe 
limitation on the process. In one process for the melt- 
ing of high-temperature alloys, the metal is first melted 
in air, cast into ingots which are fabricated into con- 


sumable electrodes, and remelted by the vacuum-arc 








process. Costs of this process and melting just once 
by induction under vacuum have not yet been com- 
pared satisfactorily. The metals produced by the two 
methods appear to be of about the same quality. 


VACUUM-MELTING EQUIPMENT 
Actual melting by induction or by consumable- 
electrode arcs is done in a vacuum chamber. Basically 
this chamber is just a tank which is gas tight so that 
all of the air can be removed and as little as possible 
will leak in. This chamber must be as small as possible 
yet must conveniently contain all of the equipment 
necessary to melt and cast the alloys. Special methods 
for introducing water, electricity, and mechanical 
motion without destroying the tightness of the chamber 
have been developed. Of course, all handling has to 
be done by remote control because men cannot get 
to the furnace to add alloys, cast ingots, stir the melt, 
or do other operations often done in air melting. 

The development of satisfactory pumping systems 
was most critical in the development of vacuum melt- 
ing. Truly large volumes of gas must be handled 
because of the low pressure of the system. One cubic 
foot of air under normal conditions expands to a 
volume of 76,000 cubic feet when the pressure is 
reduced to 10 microns® or 760,000 cubic feet at a pres- 
sure of 1 micron. Thus a large expansion of the gas 
at low pressure and the resulting large volumes which 
must the the 
chamber, its design, and gastightness of extreme im 


be handled make size of vacuum 
portance in vacuum operations. 

Mechanical pumps for moving gas at atmospheric 
pressures usually depend on the displacement prin- 
ciple. Several types of these pumps have been adapted 
for use at reduced pressures, and there are a number 
of such pumps capable of evacuating to pressures of 
However, even if these 


1 micron or less. 


attained their ideal efficiencies, they would not be 


pumps 


effective in removing a given mass of gas at low 
volume. It is for this reason that diffusion pumps, 
oil ejector pumps, and steam ejector pumps are very 
important in commercial vacuum-melting installations. 
Each of these pumps has a specific range of pres- 
sure (vacuum) at which they achieve a maximum of 
efficiency. A diffusion pump moves its greatest volume 
of air in a range below 10 microns. Oil-ejector pumps 
operate much more efficiently at somewhat higher 
pressures, up to about 1 or 2 millimeters of mercury. 
The exhaust from these two types of pumps is still 


® In vacuum measurements, one micron is a pressure equivalent 
to a height of 0.001 millimeter of mercury, and a column of 
mercury 760 millimeters high equals one atmosphere (14.7 psi, 
absolute), so 1 micron equals 1/760,000 atmosphere. 


well below atmospheric pressure, but the volume of 
gas has been considerably reduced so they are backed 
up by mechanical pumps of reasonable capacity, 
The choice of pumping system for a given furnag 
is governed primarily by the pressure to be maintained 
and by the rate of evolution of gas. Generally, large; 
pumps, or pumps more efficient at pressures in th, 
range of about 1 millimeter (1000 microns ) are desired 
for arc melting because of the rapid melting rat 
to 100 
microns ) are more often needed for induction melting 


Pumps efficient at lower pressure ranges (1 


LIMITS AND POTENTIALITIES 


2,200 pounds are currently 


Ingots weighing up to 
being made by induction melting, and ingots in th 
range of 5,000 to 10,000 pounds are planned for ar 
melting furnaces for the near future. This increase jy 
size is a great advance over the 100-pound maximuy 





_ 


size of a few years ago, and the trend to larger sizes | 


is continuing. These sizes are dwarfed, however. }y 
the 300,000-pound ingots being produced by vacuum 
casting, a process closely akin to vacuum melting. In 
this process, forging-quality steel is melted in air 
then cast at reduced pressure to remove hydroger 
rapidly. Vacuum casting in this application replaces 
the tedious process of cooling the larger ingots slow) 
over a period of weeks to remove the hydrogen. 

Successes already achieved with vacuum melting 
assure increasing interest in the technique. Neverthe- 
less, experience has shown that considerable caution is 
warranted in considering its use for some alloys and 
metals. For example, excessive losses of volatile metals 
such as chromium and manganese create serious prob- 
lems. Attack upon crucible refractories by some metals 
also must be considered. In Some Cases, metals are 
actually harmed by vacuum melting. 

Economically, the cost of vacuum melting is com 
paratively high for metals that can be satisfactorily 
melted in air. At present, the process is practical 
primarily for premium-quality metals and for those 
instances where the process enhances properties of 
metals enough to make the improvements economically 
feasible. Continued research will uncover additional 
metals that will benefit from melting under vacuum 
as well as further special cases where the process will 
outweigh additional costs. 

Research on vacuum-melting furnaces and related 
processes may be expected to bring further reductions 
in processing costs; and these reductions, in turn, will 
call for constant evaluation of the possible benefits for 
various metals. Though it is not a cure-all, vacuum 
melting is a specific for many metallurgical ills. Future 
studies should be made in this light. 
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Science, Industry and Education 


by Henry Le CHATELIER 


The following excerpts were taken from the Preface to Introduction 


a Elude de la Metallurgie (1925 edition), 


a classic work by Henry 


Le Chatelier, one of France's great scientists in the fields of both 
chemistry and metallurgy. Le Chatelier’s views on the relationship 
of science, industry, and education and on the value of applied re- 
search are as valuable now as when they were written. It was think- 
ing of this type that led Gordon Battelle to plan the Institute which 
bears his family’s name and whose doors opened only four years after 
the appearance of the above-mentioned edition. The publication of 
the accompanying material was aided by M. Henry Cassan’s gift to 
Battelle of Le Chatelier’s work. M. Cassan is Editor-in-Chief of 
Chaleur et Industrie and Professor at L’Ecole Centrale. The transla 
tion was prepared by Ralph A. Sherman, Battelle technical director 


“La Science et [Industrie sont . soeurs jumelles 


RIMITIVE MAN, LIGHTING his fire by rubbing two 
sticks together, started by recognizing the existence of 
a constant relation the rubbing and the 
production of heat. He thus was a scientist and like- 
wise threw down in this way the first foundations of 


between 


one of our finest modern sciences, thermodynamics. 
The services rendered by science to modern industry 
are yet more striking. They are so numerous and so 
obvious that their enumeration here would seem to 
be useless. It is, however, indispensable for discussion 
of the most desirable orientation for education. 

The magnificent soaring of industry during all of 
the 19th century was exclusively the result of progress 
in the experimental sciences. Mechanics, first sketched 
by Galileo, Pascal, and Descartes, was firmly estab- 
lished in the middle of the 17th century by Huyghens 
and Newton. Chemistry was founded at the turn of 
the 19th century by Lavoisier, de Berthollet, and Gay- 
Lussac. Finally, the beginning of the 19th century saw 


the creation of the science of heat by Sadi Carnot; of 
optics, by Fresnel; and, above all, dynamic electricity 
by OErstedt and Ampere. The repercussion of these 
direct. The 


studies by Huyghens led to the invention of the steam 


young sciences on industry was often 
engine. The laboratories of de Berthollet,. Gay-Lussac 
and Sainte-Claire Deville saw the dawning of a host 
of new industries: those of chloride bleaches, sulfuric 
acid, and the metallurgy of aluminum and of platinum 
Finally, all aspects of the electrical industry were 
evolved in the scientific laboratories. 

Industrial progress that occurred in factories sep 
arated from scientific laboratories furnished examples 
that are no less conclusive. The law of the conservation 
that of the 


conservation of elements, both discovered by Lavoisier, 


of mass in chemical combinations and 


are the indispensable bases of analytical chemistry 
without which we would not know how to understand 
the 


chemical mechanics are constantly utilized in factories, 


any industrial manufacture today. All laws of 
and they are even more generally recognized there 
than in the scientific laboratories. The manufacturers 
of sulfuric acid by synthesis and of nitric acid from 








the gases of the air found their first ideas in the 
integrals serving to express, in rigorous mathematical 
form, the laws of chemical equilibrium. The reason 
for this beneficial role of science is easy to understand. 

Preliminary knowledge of the laws of natural phe- 
nomena reduces considerably the number of empirical 
trials necessary for the establishment of a new process 
of manufacture. Thus, in the search for better methods 
for tempering steel, it is useless to study temperatures 
below 700 C. The known relations between the points 
of transformation of steel and the temper rigorously 
limit the field of temperatures to be explored. The 
knowledge of equilibrium between carbon and _ the 
metallic oxides furnishes a guide that is indispensable 
today for the study of the reduction of new metals 
not yet utilized. 

Industry has perhaps had an advantageous position 
in adapting to its needs scientific methods in use in 
research laboratories. The custom of never changing 
more than one factor at a time in the study of any 
problem, the precise measurement of all the factors 
on which the studies of a phenomenon depend, and 
the development of the spirit of observation by scien- 
tific research, have played a preponderant role in the 
progress of our most distinguished industries. One 
could cite a no more striking example than Taylor's 
discovery of high-speed steels, the use of which 
has drastically revolutionized mechanical construction 
throughout the entire world. In his now classic study 
on the processes for cutting metals, he established at 
the beginning that the problem studied depended upon 
a dozen independent variables, and declared that he 
would restrain himself from ever changing more than 
one of these at a time. He kept his pledge during 
prolonged studies of twenty-five years, and suceeded 
in the end in making a magnificent industrial dis- 


covery. 


[INDUSTRIAL SCIENCE 


In essence, industrial science does not differ from 
what is known as true science; it constitutes only the 
complete development of it. Industrial science, in- 
stead of attaching itself to rare materials, concentrates 
its efforts on the conventional materials or those that 
appear susceptible of becoming conventional in the 
near future. Furthermore, industrial science, without 
underestimating the advantages of the analytical 
method, which is so valuable for the progressive 
development of our knowledge, believes it necessary 
to complete the development by a synthetic review 
in which the related facts are no longer grouped 
according to their analogies but are, on the contrary, 
united around the material objects and the real phe- 
nomena to which they effectively relate. These group- 


ings are made by giving to each elementary factor ar 
attention proportional to its importance or, according 
to the expression of the philosopher Taine, to is | 
character of “benevolence” relative to the industrial | 
result that it desired. 


The science of heating, for example, groups about 
combustibles the knowledge relative to oxidation ye 
actions, to the liberation of heat by combustion. 4 
specific heat of gas, to their expansion, to their dis. 
sociation, to exchanges of heat by radiation an 
conduction, etc., while bringing out the relative jp. 
portance of each of the factors on the result sought 
which is heating. 

The above statement is only a résumé and a differen; 
grouping of subjects that may have already bee 
studied elsewhere under different scientific headings | 
In chemistry, one has already seen the law of definite‘ 
proportions and that of Gay-Lussac taken up here ig} 
relation to carbon and coordinated with respect t 
heating. Likewise Mariotte’s law of adiabatic expan.! 
sion, so important for the study of the detonation of 
gaseous explosive mixtures in a closed vessel, belong 
to the domain of physics. The properties and th 
conditions of crystallization of refractory materials, 
employed in the construction of the heating equipment 
depend upon geological science. Not content thus t 
reunite the facts scattered among other sciences, th 
industrial scientist restates and completes them accord 


ing to their degree of utility. One would study, for 


example, the important question of the change of 
volume of clay and of quartz under the action d 
heat with more care than would be done in mineralogy, | 
unities 


where quartz and clay count only as two 


among hundreds of minerals of the earth’s crust. 


PROFESSIONAL EDUCATION 


The industrial science, thus under 


stood, is difficult to deny, but is it adequate for the 


usefulness of 


complete training of an engineer? Views differ. It is 
often said that one must complement or even replace | 
such training by a methodical and minute description 
of the processes of manufacture employed in industry 
The systematic partisans of industrial science, on th 
limit the 


knowledge to periods spent in factories either during 


contrary, would acquisition of practica 


periods of vacation from technical schools, or better, | 
during a period of true apprenticeship before entering 
definitely into the profession. This question has 
general and unique solution because all young men 
are not going to want the same knowledge from thei 
education. The students who have slight scientific i 
struction and want to begin quickly to gain their 


livelihood, and having no exaggerated ambitions for 


the 
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the future, will prefer a specialized education with 
strictly professional courses, which will allow them to 
be of service as soon as they enter into the plants. 

But for establishments of superior technical educa- 
tion seeking, like the School of Mines, Paris, to turn 
gut young engineers capable of being directors of 
important businesses, it is necessary to provide an 
encyclopedic education. A director of mines must, be- 
sides the so-called exploitation of the mines, know 
the geology necessary to find his way among irregu- 
lrrities of his body of ores; the machines which are 
indispensable for the breaking down and extraction of 
cal: the electricity which he generates and sells or 
consumes in place for the utilization of the gas of his 
coke ovens; the metallurgy and principal industries to 
which he sells his coal; the railroads whose transporta- 
tion adds greatly to his cost price; and legislation, 
particularly that relating to workers’ laws, political 
economy, etc. It is impossible today to study in detail 
diferent branches of industry in which the processes 
vary from country to country, district to district, or 
from one factory to another. The life of a man would 
not be long enough to accomplish such a work. If he 
wants to hold himself to a descriptive education, it is 
necessary either to be content with a summary review, 
made as a step in the course, that is to say a simple 
popularization without interest for an engineer, or to 
limit himself to some details of some special methods 
which only a few of the students will undoubtedly 
have occasion to meet in the course of their experience. 
Whether one likes it or not, it is impossible today 
not to give a scientific education in the upper schools. 
It is better to do this systematically and openly, to 
sacrifice purely professional education resolutely, and 
to put off the study of the details of application until 
the engineer’s days in the factories. 

That is not to say that in an education in industrial 
science one must refrain from speaking of manufactur 
ing processes; on the contrary, one will discuss them 
constantly, at the same time limiting himself to a 
schematic description without tying himself down to 
photograph in some way all the dimensions of appara- 
tus or all the details in each operation. The facts are 
subordinate, only the relations of the facts are worthy 


of more profound study. 


Erricacy OF INDUSTRIAL SCIENCE 

The great advantage of scientific methods of educa- 
tion is that the elementary phenomena, on which the 
complex phenomena depend, are relatively few and 
are thus accessible to the knowledge of one man. 
Because of this, a factory director can, at the same 
time, construct bridges, make electrical installations, 


Cc 


and direct metallurgical processes. The number of 
complex consequences of these simple phenomena is 
extraordinarily great as is the number of combinations 
and permutations from a very limited number of 
the (French) 
alphabet, one can make up millions of words. On the 
other hand, in undertaking the direct study of com- 


objects; with twenty-five letters of 


plex phenomena, one must limit himself to a very 
small number of categories. The workers and foreman, 
to whom the empirical methods are for the moment 
the only ones accessible, are obliged to specialize 
completely in order to arrive at knowledge of some 
value to them. The ceramic worker would be incapable 
of carrying on the trade of the blacksmith or the 
foundry man; formerly it was the same for the chiefs 
of industry. 

Engineers educated by scientific methods can do 
work of much higher caliber than can the engineers 
educated empirically. A typical example is furnished 
by the comparison of the work of Bessemer and that 
Sir William 
member of 


Siemens was a scientist, a 
the Royal 


London. His first work on regeneration grew out of 


of Siemens. 
mathematician, Society of 
his fundamental knowledge of thermodynamics. Sir 
Henry Bessemer was, on the other hand, a foreman, 


He had 


educated himself while working in a small foundry 


an engineer without scientific instruction. 


belonging to his father. 
The discovery by Bessemer of his process for the 
all of 


its importance is comparable to the dis 


manufacture of steel certainly revolutionized 
metallurgy; 
covery of Siemens. Bessemer had a happy idea, a 
veritable inspiration, but it was without its tomorrow. 
His activity as an inventor was not limited to metal- 
lurgy; without considering all the inventions of his 
youth, one can recall certain inventions of mature age 
of which we have some knowledge. His antiseasick 
ness boat never made a single trip and very nearly 
left with 
chambers for powder, spaced from meter to meter, 


sank as it port; his tremendous cannon 
was never tried. The enormous amount of work which 
he expended in the 85 years of his life was only once 
crowned by success and that because of the collabora- 
tion of engineers who had scientific and technical 
knowledge more developed than his. Very easily, 
otherwise, he could have seen his invention relative 
to the manufacture of steel fail, and he would have 
died poor and unknown. 

Siemens; his 


the work of 


regenerative furnaces have revolutionized not only 


Consider, in contrast, 
metallurgy but ceramics, glass manufacture, and many 


other He 
any outside help, and this was not his sole successful 


industries. studied these alone, without 


invention. Besides his furnaces, he brought about the 





construction of submarine cables and furnished them this as advantageously as to studies which lead , 





unaided to the entire world. One day, he had the great discoveries. On the other hand, scientific edyg, | 
whim to lay a cable between England and the United tion is also useful for regularizing a method of mam 
States in competition with the only company which facture unknown by ancient empirical methods, Th, 
had previously installed them and which was the habit of searching for the factors of success in eag 
only one to have proved material and an experienced operation and of measuring them as often as possihj 
staff. For this audacious enterprise, he dared further is highly desirable in factories. 

more, to have made, on his own plans, a special Finally, scientific methods permit an enormous & 
boat, the Faraday, and trusted the installation of his crease in the cost of research and experiments of q 
cable to a staff trained entirely by himself and placed types that must be made daily to improve manufactur 
under the direction of one of his brothers. He suc- ing processes. It teaches how we can draw from 


ceeded completely in the installation of his cable periments, made on one kilogram or even on one gra 


against the unanimous predictions of all the men of 


- 2 of material, conclusions which are applicable to j 
the trade. He likewise installed the first pneumatic 


, cnneegaiat dustrial manufactures that concern thousands of tong] 
postal system, so widespread today, by combining it are. - 
: she Empirical trials, on the other hand, have value op} 
with a steam aspirator ejector entirely of his own in- 
: “ ‘ when they are made on a scale near that of practic 
vention. Finally, his electric pyrometer should be 
: . é - ig : As a remarkable example of these methods, one 
mentioned; long misunderstood, it is now considered ee 
cite the organization of the firm of Smidth ap 
to be the most precise apparatus for the measurement C rC , ae led 1 
: i ompany ot Copenhagen. It has installed large cemen! , 
of elevated temperatures and is currently used in ie. - : ge cement} proc 
. . actories over the entire world, while re ‘ly con) m 
scientific laboratories. : = hile remotely con} max 


This example shows, without the necessity of further trolling all manufacture, kilns, and the pulverizen) are 


discussion, the advantages of the scientific method for by means of tests made on a few kilos of materials iny beet 


the study of new industrial processes. This highly a small laboratory associated with its offices. It cy) elec 
developed scientific instruction is equally useful for thus determine beforehand and guarantee on th! (# 
the engineer charged Solely with the direction of an basis of the study of a simple sample, the quantitis, 
operating factory because it is necessary every day to of fuel necessary for firing and the power require met 

give 
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perfect details, and the scientific method is applied to for grinding. 


SUPPORT FOR BASIC RESEARCH net 


“Industry is the greatest wealth-producing factor in an economic 
structure, and, in final analysis, it must provide the support for 


r . es . ° ° pre 
most of the activities essential to our economic and social well-being pre] 
° ° . 5 
In the long run, industry is going to have to support fundamental- 
. P . . ; . rr ther 
information-producing research in one way or another. The question 
, , , : sint 
is whether we can find a way to do it directly, or whether the 
° ° " ° re 
eventual solution will be for the Government to take it from us in , ) 
° ° . *,° r ie) 
taxes and reapportion it to the universities through federal grants 
\ 
Clifford F. Rassweiler, sum 
Vice-Chairman of Board, Johns-Manville Corporation arr 
in Chemical and Engineering News 
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NOTES 


BATTELLE 


RHENIUM PROPERTIES 


The metal rhenium, the uses of which are 
better ot 


recent studies, is coming into commercial 


becoming known as a result 
production. Because the supply will be limited to a 
maximum up to 10 tons per year, rhenium prices 
ae likely to range close to those for platinum. As it 
becomes available, rhenium is likely to go first into 
dectrical and electronic applications where minute 
quantities will give special high-performance char- 
acteristics. These views were expressed by Battelle 
metallurgists C. T. Sims and R. I. Jaffee in a paper 
given before the Metals Conference of the American 
Institute of Mining and Metallurgical Engineers in 
Buffalo, New York. 

According to these Battelle metallurgists, research 
in the United States on this relatively scarce metal 
began during World War II and was intensified during 
the early 1950's. The result of this research, much of 
which was sponsored by the United States Air Force, 
is increased knowledge about rhenium’s physical and 
metallurgical properties. 
the 
and 


Appreciable quantities of rhenium exist in 


United States, usually 
molybdenum deposits. The solid metal is currently 


associated with copper 
prepared by a process in which potassium perrhenate 
is converted in several chemical steps to high-purity 
thenium metal powder, which is then compacted and 
sintered into a bar. Pressing and sintering operations 
are similar to those used to prepare tungsten and 
molybdenum. 

Although the sintering procedure for rhenium is 
similar to that for tungsten, the similarity does not 
carry over to fabricating. The Battelle metallurgists 
pointed out that rhenium cannot be hot worked in 
air because of inherent hot shortness. Research at 
Battelle, however, indicates that cold working can 
be accomplished by lightly working surfaces of 
thenium bars to form a layer of dense, strong metal 
that prevents initiation of edge cracking. Following 


8 


this, reduction by cold swaging and flat- or shape-roll 
ing can be conducted. Because the metal work hardens 
readily, annealing is required after each one or two 
the LO total 


Subsequently, annealing is needed less 


per cent reduction for first per cent 
reduction. 
frequently. 

Rhenium’s rate and capacity for work hardening 
also make it extremely difficult to machine. For in- 
stance, reducing a bar 30 per cent by cold swaging 
hardens it to over 800 VHN. Metal-removing-type op- 
erations have been carried out primarily by grinding. 

Sims and Jaffee described several present and poten- 
tial of their 
uses as electrical contact material, in thermocouples, 
Based 


on its wear resistance, rhenium might also serve as a 


uses rhenium in paper. These include 


and as filament material for electronic tubes. 
material for penpoints, phonograph needles, and pivot 


bearings. the Battelle technologists stated 


ELECTRONIC RELIABILITY 


% 


electronic 


ot 


components and systems is becoming more 


The problem of reliability 
acute as electronic equipment is used to 
tasks 
under all types of environment, including nuclear 


perform more complex military and civilian 


radiation. As a result of increasing demands for re 
search on reliability problems, Battelle has established 
an electronic reliability division at its Columbus. Ohio. 
laboratories, with K. E. 

\n important part of Battelle’s development work 


Cochran as chief. 


in the field of electronic reliability has been based 
upon analysis of cause and frequency of failure of 
components and systems. That work will continue. 

The new group will study the effects of high alti- 
tude, severe shock, humid or dry atmospheres, ex- 
treme temperatures, and acceleration on performance. 
There will also be studies under sand, dust, and salt 
spray conditions. The group will use the facilities of 
Battelle's Atomic Research Center, including a nuclear 
reactor, for determining the effect of radiation on 
electronic components. 

Reliability, according to Cochran, starts with good 
design and requires high-quality components and an 
over-all system that is as simple as possible. Battelle 
research has included development of improved de 
signs for such traditional components 


Much 


search is on such newer devices as transistors. diodes 


as resistors. 


capacitors, and vacuum tubes. current re- 


and metallic rectifiers, and on the properties of ger- 
manium, silicon, selenium, and other semiconductor 
materials used in these new devices. 








Electronic reliability work at Battelle during recent 
years has tapped numerous technologies. In addition 
to electronics, these have included ceramics, metal- 
lurgy, operations research, plastics, and others. The 
work has been diverse, including such things as the 
tropicalization of radio and radar equipment, the non- 
destructive evaluation of parts and materials, and the 
development of components to operate at higher tem- 
peratures, and under conditions of vibration and 


shock. 


one BETTER MOLYBDENUM COATINGS 


Electroplated coatings of chromium and 

nickel are considered as among the most 

promising means for protecting molybde- 
num from oxidation under high-temperature condi- 
tions. Chromium and nickel appear to be most satis- 
factory for such coatings. Chromium, which is soluble 
in molybdenum in all proportions, forms no brittle in- 
termetallic compounds with the latter. But when used 
alone. chromium coatings tend to crack when heated. 
Nickel is of interest because it has very high ductility 
and relatively good resistance to oxidation by at- 
mospheres containing molybdenum trioxide. Nickel, 
however, forms brittle intermetallic compounds with 
molybdenum. 

Roger J. Runck of Battelle reports that he and his 
colleagues, by metallographic studies, found that in 
single layer coatings, chromium is less subject to 
bonding failure than nickel and also gives better 
protection against oxidation. Their study for the Fan- 
steel Metallurgical Corporation also showed that mul- 
tiple-layer coatings of chromium and nickel, with the 
former at the interface, showed some superiority over 
single - layer coatings of either chromium or nickel. 
However, there is a tendency for blisters to form 
between the nickel and chromium layers. 


a THERMAL CONDUCTIVITY OF IRON 


The thermal conductivity of gray iron is a 
property that often deserves greater consid- 
eration than it receives from designers and 
engineers. As noted below, such conductivity may be of 


critical importance, and gray iron cannot always be 
replaced satisfactorily by other materials that have 
greater strength, but lower thermal conductivity. 
Indeed, gray iron’s ability to conduct heat may, in 
some cases, be a more important factor to consider 
than its lack of strength. 








In their paper before the Gray Iron Division ¢ 





the American Foundrymen’s Society, which is meeting 
this month, J. A. Davis, H. W. Deem, and H, w 
Lownie, Jr. of Battelle list situations in which thermal 


conductivity may be a significant factor to consider. | 
These situations are where: 

® The flow of heat is unsteady or cyclic; thus oy 
face of a casting may be alternately heated apn 
cooled, as on the hot face of the pistons in a two. 
cycle engine. 

® Metal sections are thick, as in the water-cooled 
rolls used to form glass. 

® There is rapid transfer of heat to the iron or! 
away from the iron, as when the surface of a brak 
drum is heated by friction. 

® There is a fairly large difference in temperature 


between the hot and cold faces of the casting. 


Thermal conductivity may also have an important 
effect on the performance of equipment in certain 





applications, as when it is desired to: (1) transfer 


heat through the iron so as to do a job on the cooler 
side of the casting wall; and (2) transfer heat through 
the iron so as to get it away from a hot face. Thus | 
in the first case, lower conductivity may result 
less heat where it is needed. In the second type of 
application, failure to get heat away fast enough may 
increase tendencies for the heated face of a casting 
to warp, heat check, oxidize, or grow. ; 


* An automatic method of controlling laborator 
resin kettles has been devised by Battelle tech- 


— 


nologists. The equipment should lighten the tasks i 
the laboratory since, besides controlling the tempera- 
ture within fairly narrow limits (+ 5F), it will start 
and stop cooks at predetermined times and control | 
stirring. With the equipment, it is possible to process 
cooks, containing various types of materials, without 


the necessity of human attendance. The equipment 
was devised by RK. K. Brandt and E. R. Mueller of 
Battelle, and A. D. Sill. 


* Metal Hydrides Incorporated, Beverly, Massa- | 


chusetts, is underwriting an intensive researc! 


program to develop new production techniques for 
thorium metal powder. The program is being carrie 
out in part by Battelle. 

The basic objective will be to produce tonnag 
amounts of thorium to meet demands in the develop- 


ment of commercial atomic power. 





